Reproductive traits were evaluated in Eos rawus and Eos indicur crossbred heifers that were fed different diets during the postweaning period. The study was designed in a 2 x 2 x 2 factorial arrangement of treatments. Angus x Hereford (AH; n = 148) and Brahman x Hereford (BH n = 148) heifers were sorted after weaning by body weight into light (LW) and heavy weight blocks. Heifers in each weight block were assigned to diets calculated to reach a target weight of 55% (LE) or 65% (HE) of their projected mature weights by the start of the bresding season. Puberty was determined after a 160d observation period and characterized by the following criteria: 1) behavioral estrus, 2) presence of a palpable corpus luteum (d 6 to 10; estrus = d 0), and 3) rise in serum progesterone above 1 ng/ml (d 6 to 10). A higher (P = .01) proportion of AH heifers than of BH heifers reached puberty by the breeding season (93% vs 67%). Interactions of breed x weight block and energy level x weight block also contributed to this difference. Weight at puberty was heavier (P = .001) among HE than among LE heifers and greater for heifers in HW than for those in LW blocks (P = .a). Differences in prebreeding weight, body condition. average daily gain, hip height, and pelvic area were influenced selectively by breed, energy level, or weight block. Pregnancy rates were higher (P = .01) among AH than among BH heifers. Incidence and severity of dystocia was influenced by the breed x energy level interaction (P = .01). Brahman x Hereford heifers had less (P = .001) dystocia than AH heifers, HE heifers had less (P c .02) dystocia than LE heifers, and HE-AH heifers had less (P c .01) dystocia than =-AH contemporaries. Subsequent duration of the postpartum interval to estrus was shorter (P = .002) among AH than among BH females. Pregnancy rates at the end of the 2nd yr were higher (P = .02) among LW than among HW females, and weights were heavier (P = .OOl) at weaning among calves weaned from BH 
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lntroductlon
Reproductive management of replacement beef heifers focuses on physiological processes that influence the timing of puberty. Age at puberty is important as a production trait when heifers are bred to calve as 2-yr-olds and in systems that impose restricted breeding seasons (Ferrell, 1982) . Previous studies have shown that the number of heifers becoming pregnant is correlated with the number exhibiting estrus early in the breeding season (Short and Bellows, 1971) .
Numerous studies have shown that age and weight at puberty differ among various cattle breeds (Reynolds et ai., 1963; Kennedy and Chirchir, 1971; Brown et al., 1972; Laster et al., 1972 Laster et al., , 1976 Swierstra et al., 1977; Young et al., 1978; Gregory et al., 1979 Gregory et al., , 1982 Morgan, 1981; Steffan et al., 1985) ; effects of nutrition on the growing heifer are well documented (Joubert, 1954; Crichton et al., 1959; Wiltbank et al., 1962 Wiltbank et al., , 1965 Wiltbank et al., , 1969 Wiltbank et al., , 1985 Bellows et al., 1965; Arije and Wiltbank, 1971 ; Short and Bellows, 1971; Vamer et al., 1977; Laster et al., 1979; Fleck et al., 1980; Lemanager et al., 1980; Ferrell, 1982) . Interactions between genotypic groups and environmental variables, including breeds, breed crosses, and lines or strains within a bred that evolved in different environments, also have been reported (Cartwright, 1955; Rollins et al., 1963; Butts et al., 1971 ; Kress et al., 1971a,b; Burns et al., 1979; Koger et al., 1979) .
Moderate under-or overfeeding of heifers during the postweaning period has prolonged effects on subsequent productivity (Ferrell, 1982) . Restriction of dietary energy in the heifer influences age at puberty (Short and Bellows, 1971) , date at first breeding and conception (Short and Bellows, 1971; Lemanager et al., 1980) , pregnancy loss (Short and Bellows, 1971) , and dystocia (Bellows, 1978; Short and Bellows, 1971; Fleck et al., 1980) . Sorting heifers by weight and feeding heavy-and lightweight groups separately decreased age at puberty and increased the number of heifers becoming pregnant (Vamer et al., 1977) . Recent management strategies have promoted a concept of a prebreeding target weight to ensure more acceptable reproductive performance of heifers (Wiltbank et al., 1985) . However, none has evaluated the impact of feeding heifers to an established prebreeding target weight that represents a proportion of the animal's projected mature weight.
This study was designed to determine the effect of feeding Bos taurus and Bos indicus crossbred heifers to 55% or 65% of their projected mature weight by the start of their first eligible breeding season. Sixty-five percent is the recommended norm, but 55% is a reflection of the industry average. Reproductive traits used to measure response to dietary treatments included records of age and weight at puberty, pubertal status of heifers at the start of their first breeding season, fall pregnancy rate, calving performance, and interval to estrus after parturition.
Experimental Procedures
Experimental Design. The study was designed in a 2 x 2 x 2 factorial arrangement of treatments. Angus x Hereford (AH, n = 148) and Brahman x Hereford ( B H n = 148) heifers were purchased from 17 ranches throughout Kansas, Colorado, and Oklahoma and represented a diverse genetic base. Heifers were allotted after weaning by body weight into light (LW) and heavy (HW) weight blocks. Heifers were assigned by age to different levels of energy (low vs high) in diets calculated (NRC, 1984) to reach a target weight of 55% (LE) or 65% (HE) of their projected mature weights by the onset of the breeding period. Dietary treatments began on December 5, 1984 and continued through d 45 of the breeding period, ending on June 28, 1985. Frame measurements were used to predict mature weight. Individual frame measurements were taken on each heifer at the beginning of the study and averaged for all animals within each breed group. The breed average was used to estimate mature weight of heifers within each group. These estimates were 477 kg for AH and 511 kg for BH. Weifem were fed to a p r e b r a target weight of 55% (LE) or 65% (HE) of their estimated mame weight.
bKilOgramS.
'Light (Lw) and heavy weight (HW) heifers within each treatment were fed to the same prebreeding target weight. dLeast squares means.
Diets
Treatment Period. Average weights of 37 heifers in each of the eight pens were calculated at the start of the treatment period.
Average daily gains (ADG) needed for heifers in each pen were determined. Heifers were weighed without shrink every 28 d; ADG for the group was calculated md compared with the desired gain per group. Diet composition was adjusted to attain the desired weight change based on interweigh-period gains. Diets, which were group-fed, consisted of ground milo, prairie hay, and a soybean meal supplement containing trace minerals and vitamin A. Soybean meal supplement was fed daily at the same rate to all heifers, but the amount of ground milo was adjusted to ensure that heifers would achieve their desired weight gain. Salt was available free choice. Diets were formulated and fed in an amount to achieve the desired ADG. Lightweight heifers within each treatment were fed more grain and less hay than HW heifers were.
Posttreatment to Precalving Period. Dietary treatments were discontinued after d 45 of the breeding season, at which time heifers were relocated to native short-grass pastures in north central Kansas. Grazed pastures were dominated by Agropyron smithii, Buchloe dactyJoides, Bouteloua gracilis, and various minor species. Heifers were maintained on native pastures through the fall. Precalving winter supplementation included range cubes (20% crude protein) and sorghum-sudangrass hay.
Heifers were group-fed and supplemented at the same rate (range cubes, 1.4 kg/d with ad libitum access to sorghum-sudangrass hay).
Postpartum Period. Diets during the postpartum to pregrazing period included range cubes (20% crude protein; 2.3 kg/d), alfalfa hay, and sorghum-sudangrass hay. Alfalfa and sorghum-sudangrass hays were available ad libitum on alternate days. Cows received only pasture when sufficient grazing was available to satisfy nutrient requirements.
Blood Collection
Blood, collected by jugular venipuncture into evacuated tubes, was refrigerated and allowed to clot for 24 h. Clotted blood was centrifuged to yield serum that was stored at -2O' C.
Radioimmunoassays
Concentrations of progesterone in serum were determined by a validated radioimmunoassay procedure described by Skaggs et al. (1986) . Intra-and interassay coefficients of variation of 11 assays for progesterone averaged 11.4% and 17.3%, respectively.
Animal Handling
Treatment Period. Heifers were housed in adjacent drylots and exposed to similar environmental and management conditions. Dimen-sions of each of the eight pens averaged 30 x 45 m; heifers were rotated among pens after each monthly weigh day. Heifers were observed twice daily (morning and evening) for estrus from December 5. 1984 to May 14, 1985. A detailed description of management procedures during the 4 5 d artificial insemination period was provided previously (Patterson et al., 1989) . One vasectomized bull per pen of 37 heifers was used to aid in detection of estrus. Bulls, equipped with marking devices, were rotated among pens on a weekly schedule. Estrus was defined and recorded when heifers stood to be mounted by a teaser bull or by contemporary herdmates. Physical evidence suggestive of estrous behavior also was considered. Ovaries of heifers were palpated per rectum for presence of a corpus luteum (CL) 6 to 10 d after estrus, and a 10-ml sample of jugular blood was collected. Heifers were weighed prior to palpation and blood collection and returned to their respective treatment groups. In addition to the criteria mentioned above, increased progesterone in serum to concentrations greater than or equal to 1 ndml on the day of palpation was used to determine when puberty occurred (Nelsen et al,, 1985) . Subsequent estrous periods were not followed by rectal palpation or blood collection if these criteria were met. However. estrous periods subsequent to the pubertal estrus were recorded. Heifers displaying short (7 to 10 d) or long (> 24 d) estrous cycles were palpated and bled on the schedule described above.
Natural Service Period. All heifers were exposed to fertile bulls for an additional 35 d after transfer to pasture. The four Hereford bulls used during this time were paternal halfsiblings of the Hereford bull used artificially. Each bull was equipped with a marking device. Twice-daily observations for estrus were continued until the end of the breeding period, and breeding dates were recorded.
Pregnancy Determination. Pregnancy was determined by uterine palpation per rectum 60 d after the last insemination and 90 d after the last scheduled day of the breeding season. All breeding dates were confinned by calving dates. Heifers that failed to become pregnant were eliminated from the study.
Calving Period. Heifers were maintained as a single herd until 30 d prior to the first scheduled calving date. Breed groups were segregated and moved at this time to adjacent 12.1-ha calving pastures. A precalving feeding schedule similar to the one described by Bellows (1981) was followed. Heifers were maintained on a late afternoon, early evening feeding schedule beginning 1 mo prior to calving. Sheltered areas were available at both sites; heifers calved on pasture, except in cases of dystocia. A calving barn intersecting the two pastures was available for additional shelter and was equipped with an obstetrical stall and facilities necessary to provide calving assistance. Calving assistance was provided after 1 h from the start of Stage II of parturition if no progress had been made by the heifer in completing the birth. This point is defined as the start of the abdominal press (Roberts, 1971) . Three parturitions were completed by Caesarean section and were performed by licensed veterinarians. Deliveries were scored from 1 to 4, depending on the amount of traction required to extract the fetus (Bellows et al., 1971a; b) . Heifers with abnormal presentations were scored 5, and were eliminated from the study.
Postpartum Period. Calves were identified with eartags, and the navels were treated with a 7% iodine solution after birth. Calves were given vigor scores after delivery as follows: 1 = nursed immediately (within 1 h), calf was healthy and strong at birth; 2 = nursed on its own, but took some time; 3 = required assistance to suckle; 4 = died shortly after birth; or 5 = dead on arrival. Numerical scores indicative of maternal behavior after calving were assigned using a scale from 1 to 11 as described by Buddenberg et al. (1986) . Calf birth weights were obtained within 24 h after birth. Horns on calves were cauterized, and bull calves were castrated within 1 wk after parturition. Cowcalf pairs were relocated at weekly intervals to a 129.5-ha pasture away from heifers waiting to calve. Cows were exposed immediately upon relocation to sterilized bulls equipped with marking harnesses. Determination of first estrus after pamuition was aided by the use of marker bulls and based on four daily observations at 4-to 6-h intervals. Blood samples for progesterone were collected from all cows on d 7 after estrus was observed. Cows that exhibited estrus were moved with their calves to a final pasture to await the start of the breeding season. Daily observations for estrus and blood sampling were continued through d 45 of the breeding season. Calves were weaned on November 13, 1986.
Weights, Measurements and Definitions.
Body weights and condition scores of all females were determined periodically throughout the study. &breeding weights were determined on May 5, 1985, and precalving data were obtained on January 15, 1986. Pelvic measurements were determined as described by Bellows et al. (1971a) . Scores of body condition were assigned by the method described by Wagner et al. (1988) using a scale from 1 to 9. Backfat measurements were determined with the aid of ultrasound (Turhgton et al., 1986) . Calving interval was defined as the total number of days from the time a heifer calved as a 2-yr-old until calving agah as a 3-yr-old.
Herd Health. Vaccinations and herd health practices were based on recommendations by veterinarians from the College of Veterinary Medicine at Kansas State University.
Statistical Analyses
Dependent variables included initial weight, pelvic area and hip height; age and weight at puberty; prebreeding weight, ADG, body condition, hip height and pelvic area; fall weight, body condition and pregnancy rate; precalving weight, pelvic height and width, total pelvic area, body condition, and backfat thickness; calving date, gestation length, incidence and severity of dystocia, calf birth weight and vigor, and maternal score; postcalving weight and body condition; interval to estrus from parturition; calf weaning weight; calving interval, and calf death loss. Models included breed (AH and BH), level of energy (high or low), and weight block (heavy or light) as independent variables, plus all t w e and three-way interactions. Data were analyzed using the GLM procedure of SAS (1982). This procedure was selected to evaluate potential interactions because of the multifactorial nature of the experimental design. The use of birth date as a covariate for puberty data and calving date as a covariate for postpartum data was considered, but these covariates had no effect on the conclusions. The categorical data also were analyzed using SAS FUNCAT (1982). but again there were no differences in conclusions. Therefore, results presented and discussed here are from the analyses using the GLM procedure.
Results and Discussion
Heifer Growth, Puberty, and Pregnancy. Table 1 summarizes estimates of mature weights of the two breed groups of heifers, the prebreeding target weights that were established, and prebreeding weights that were realized. Table 2 summarizes least squares means for various weights, measurements, and estimates of body condition that were determined throughout the study. Initial weights and total pelvic area of the various groups of heifers were similar except between heifers assigned to H W and LW blocks (P < .01; Table 2 ). Initial measurements of hip height were similar. Table 3 summarizes the proportion of heifers that reached puberty and became pregnant during the first breeding season.
Origin or the source from which heifers were obtained influenced (P = .01) the age at which heifers reached puberty. Therefore, age at puberty was influenced by genotype and(or) location of birth. The proportion of heifers that reached puberty by 12 mo of age was similar between breeds, energy levels, and weight blocks (Table 3) . However, a higher proportion (P < .01) of AH heifers than of BH heifers reached puberty by the onset of the breeding Season (Table 3) . Breed x weight block (AHHW. 89%; AHLW, 96%; BHHW, 59%; BHLW, 72%) and energy level x weight block (LELW, 68%; LEHW, 57%; HELW, 56%; HEHW, 53%) interactions (P < .05) also contributed to this difference. Treatments imposed at the start of the breeding season make these data difficult to interpret (Patterson et al., 1989) . Heifers that failed to reach puberty prior to the breeding season were not given the opportunity to express spontaneous puberty (Patterson et al., 1990) . The complex interactions between breed and level of energy with weight block and their related effects on puberty are difficult to explain. These interactions seem to have resulted from the higher proportion (P = .05) of LE-LW-BH heifers that reached puberty by these ages in relation to other BH groups. Dietary treatments may have had a more pronounced effect among the BH than among the AH heifers. This theory is based on the observation that HE-LW-BH heifers experienced problems adjusting to high levels of grain in their diet. Although this group received the highest proportion of concentrate of any treatment group, it failed to reach its prebreeding target weight by the largest margin. Conversely, LE-LW-BH heifers did not receive as much concentrate and perhaps were fed a level better suited for optimal performance.
Previous studies showed that Brahman and Brahman-British crossbred cattle have lower feed intakes that British breeds do at comparable weights mogerson et al., 1968; Frisch and Vercoe, 1969; Ledger et al., 1970; Warwick and Cobb, 1976) . These comparisons were made on high-quality forage rations or high-concentrate diets with cattle maintained at ambient temperatures below those producing thermal stress. Zebu-type cattle had higher voluntary intakes (Kame et al., 1972) on lowquality forage rations. The genotype x environmental interaction has an impact on feed efficiency, but available studies cover a limited range of environments and management systems. The manner in which interactions of this nature may have influenced the results of this study was not determined-Further work is needed to evaluate the importance of genotype x environmental interactions as they affect feed efficiency and nutrition of beef cattle and how these interactions relate to the differences we observed in reproductive performance.
Weight at puberty differed between heifers assigned to the different levels of energy (P < BLeast squares means f standard error. %ody condition score: I = emaciated to 9 = obese. 'keast squares means within main affect row and columns are different (P 4 .01).
e*fLeast squares means within main affect row and columns are different (P < .05). g h t squares means within main affect rows and columns are different (P < .IO). c9dLeast squares meaus within main affect rows and columns are different (P < .01).
.01; Table 2 ) and weight blocks (P < .05; Table 2 ). Heifers assigned to high levels of energy and heavy weight blocks reached puberty at higher mean weights ( Table 2) . Ferrell(l982) reported a breed x postweaning gain interaction for age at puberty, but rates of gain in this study were below those reported here. Average daily gains were higher for HE groups (P < .lo; Table 2 ) and influenced by interactions of breed x weight block (P = .07) and energy level x weight block (P = .09).
Prebreeding and fall weights differed between breeds, energy levels, and weight blocks (Table 2) , and the feed regimen as designed resulted in a breed x weight block interaction (P < .05). One could argue that ADG is not really a dependent variable in the purest sense because it was not permitted to vary. Rather, it was established by factors inherent in the experimental design and purposely maintained where possible. Hence, it was not influenced by breed and weight block, and energy level x weight block but, rather, by what was predetermined for the particular breed, energy level, and weight block. Differences in scores of body condition prior to breeding were observed between breeds and energy levels ( Table 2 ) and continued through the fall. Prebreeding pelvic area differed between heifers assigned to the H W or LW blocks (P < .10; Fall pregnancy rates were higher (P < .01; Table 4 . Nearly 90% of the calves were conceived during the 4 5 4 artificial insemination period. Precalving pelvic height and width, total pelvic area, precalving body condition, backfat thickness, and weight were affected by breed and postweaning level of energy (Table 2) . Least squares means for pre-and postcalving weights and estimates of body condition are summarized in Table 2 . Precalving backfat thickness and body weight were influenced also by weight block ( Table  2) . Only least squares means for signrficant two-way interactions affecting peripiuturient traits are summarized in Table 5 . The energy level x weight block interaction contributed to differences in precalving body condition and backfat thickness ( Table 5 ). The breed x weight block interaction influenced precalving body condition and weight (Table 5) . Calving date differed between breeds (P = .OOOl). The mean Julian calving date was 64 f 4 d for AH vs 82 f 2 d for BH females. Gestation length was similar between breed groups, averaging 2 8 2 f 1 dand283fldforAHandBHdams, respectively. The incidence and severity of dystocia were increased in LE-AH compared with either HE-AH heifers (P < .001) or HE-BH or LE-BH groups (P < .OOOl). Occurrence of dystocia between energy levels of BH heifers was similar and less than that of AH conternporaries (Figures 1 and 2 ). We observed a 24-percentage-point increase in the proportion of heifers requiring assistance for LE-AH over HE-AH heifers; both groups of AH heifers experienced a greater degree of calving problems than BH heifers. Despite the greater incidence of calving difficulty among HE-AH heifers than among either BH group (Figure l) , the seventy of dystocia did not differ among these three groups (Figure 2) .
The increase in dystocia for LE-AH heifers supports studies by Bellows (1978) and Fleck et al. (1980) . They found that heifers reared on high planes of nutrition during the postweaning period had larger pelvic openings and less dystocia than heifers fed at lower planes of nutrition. These findings also support the hypothesis (Burfening, 1988 ) that incidence of dystocia decreases as age at calving increases, because of increased body weight. The maternal uterine environment provided by Brahman dams resulted in lower calf birth weights and reduced dystocia (Wiltbank, 1981) . However, the interaction (Figures 1 and 2) between breed of dam, postweaning level of energy, and the related influence on dystocia has not been observed previously. The increase in dystocia among AH heifers occurred in spite of a lack of difference between breeds or treatments in gestation length, calf birth weight, or pelvic area between LE-AH and HE-AH.
There were no differences among calf birth weights (Table 2) , calf vigor, or maternal scores (data not shown). Postcalving weights of heifers were influenced by breed, level of energy, weight block (Table 2), and breed x energy level (Table 5) . Postcalving body condition scores differed between breed and energy level ( Table 2) and were affected by the interaction of breed x energy level ( Table 5) . Loss of calves between pregnancy and calving and from calving to weaning were unaffected by breeds, energy levels, or weight blocks. Of the 233 calves that were born, 11 died between birth and weaning. Seven were from AH dams and four were from BH dams. Five of the calves that died were from LE dams and six were from HE dams. Ten of the 11 calves died before 7 d of age, and nine of the losses resulted from complications occurring at or shortly after the time of parturition. Calving difficulty is associated with economic loss in the cattle industry resulting from increased death of calves and subsequent impairment of reproductive function of the dam. Losses among firstcalf heifers in this study, however, were lower than in studies reported previously (Patterson et al., 1987) .
Postpartum Performance. Postpartum interval to estrus differed between breeds (P c .01; Table 6 ). Nearly 67% of BH dams had increased concentrations of progesterone in serum (> 1 ng/ml) 7 d after their f i s t postpartum estrus compared with 41% of the AH dams (P c .01; Table 6 ). These data suggest that a high proportion of heifers failed to ovulate or formed a short-lived corpus luteum subsequent to the first estrus after quently by differences in calving intervals between the two breeds. Calving intervals from first to second calf were 372 f 3 d and 381 f 3 d for BH and AH groups, respectively (P c .05; Table 6 ). Differences in the proportion of heifers that exhibited estrus by d 1, 21, and 45 of the breeding season are shown in Table 6 . The interaction of breed x weight block contributed to differences in the number of heifers that exhibited estrus by d 1 and 21 of the breeding season. Greater numbers of LW-AH heifers (P c .05) exhibited estrus by these intervals compared with other groups. This pamuition. This disparity was reflected Subse- %zast-squares means witbin main affect rows and columns are different (P < .lo).
parturition.
interaction contributed further to differences in weights of dams at the first estrus after parturition and later during the fall.
Regressions indicated that interval to estrus from parturition increased 3.9 f 2 d (P < .07) with an increase of one unit of calving difficulty score. These findings agree with studies that showed poor subsequent reproduction among dams that experienced dystocia (Brinks et al., 1973; Laster et al., 1973; Doornbos et al., 1984 Body condition of heifers when calves were weaned differed between breed groups and for dams assigned to the two levels of energy as heifers ( Table 2) . Brahman x Hereford and HE dams were given higher scores of body condition than AH and LE contemporaries. These subjective scores of body condition were confirmed by differences in backfat measurements. Backfat thickness of dams at weaning was influenced also by weight block (Table 2) . Lightweight dams had a greater amount of backfat than HW dams. Weaning weights were heavier (P c .01; 205 f 3 kg) for calves raised by BH dams than for calves weaned from AH dams (177 f 2 kg; Table 2 ).
However, kilograms of calf weaned per cow exposed for breeding favored the AH dams (P = .05). These findings differ from results reported by Bailey et al. (1988) . Brahman x Hereford dams in that study excelled in weight of calf weaned per female exposed for breeding, and there was evidence of maternal heterosis for animal weights, but not for reproductive traits. These findings may differ due to varying genetic response in different environmental conditions. After the second breeding season in this study, fall pregnancy rates were higher (P c .05; Table 6 ) among LW than among HW heifers.
Selection and management of replacement beef heifers involve decisions that influence future productivity of an entire cow herd. Therefore, programs to develop breeding heifers have focused on the physiological processes that influence puberty. Because the reproductive system is the last major organ system to mature, factors that influence puberty are critical. Environmental influences on the sequence of events leading to puberty in the heifer are dictated largely by the nutritional status of the animal and related effects on growth rate and development. These conclusions emphasize collectively the importance of adequate nutrition in reproductive management of replacement beef heifers and support the role of body condition in reproductive performance. Basic and applied future research efforts should converge to realistically match production potential of the animal with available resources. Strategies that incorporate consideration of nutrition, genetics, and emerging management techniques will need to be tested to enable producers to make decisions that result in profit (Bellows, 1987) .
Interactions reported throughout this study contrast Bos taurus and Bos indicus crossbred groups and their responses to the postweaning dietaxy treatments imposed. Our results show that as yearlings, AH heifers were less vulnerable than BH heifers to differences resulting from nutritional treatments imposed during the postweaning period. This conclusion was based on the proportion of heifers that were pubertal and became pregnant during the 1st yr. Low energy treatments in AH heifers decreased precalving body condition, weight, and pelvic area, which contributed to a higher incidence of dystocia. Increased dystocia contributed to extended intervals to estrus after parturition. Conversely, postweaning nutritional treatments had more immediate effects among BH females, best illustrated by increased pregnancy rates at the end of 45 d in the HE versus LE-BH groups (Patterson et al., 1989) . Subsequent performance of BH heifers was satisfactory among those that calved as 2-yr-olds.
lmpllcatlons
This study explains differences in reproductive performance of replacement beef heifers caused by inadequacies in postweaning nutritional development. Because of differences in response to environmental conditions that influenced specific reproductive traits, these data raise questions concerning possible relationships between age at puberty in heifers and subsequent length of the postpartum interval to estrous after the first parturition. The interactions among breed of heifer and postweaning level of energy altering the Occurrence and seventy of dystocia have not been reported previously, and are important observations related to proper management of first calf heifers. The data add to differences reported between breeds concerning physiological factors associated with and contributing to the calving difficulty complex. These fiidings collectively justify future studies to resolve differences in reproductive function and response to environmental phenomena between Bos taurus and Bos indicus crossbred females.
